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Unweighted event generation in hadronicWZ production at order „aS…
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We present an algorithm for unweighted event generation in the partonic processpp→W6Z( j ) with lep-
tonic decays at next-to-leading order inaS. Monte Carlo programs for processes such as this frequently
generate events with negative weights in certain regions of phase space. For simulations of experimental data
one would like to have unweighted events only. We demonstrate how the phase space from the matrix elements
can be combined to achieve unweighted event generation using a second stage Monte Carlo integration over a
volume of real emissions~jets!. Observable quantities are kept fixed in the laboratory frame throughout the
integration. The algorithm is applicable to a broader class of processes and is CPU intensive.
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I. INTRODUCTION

Next-to-leading order inaS ~NLO(aS)! corrections in di-
boson production are large at the CERN Large Hadron C
lider ~LHC! and sizable at the Fermilab Tevatron~see for
example@1,2#!. Run I physics analyses~i.e., @3,4#! at the
Tevatron have employed constantk-factors to approximate
NLO(aS) corrections. With the increased energy and lum
nosity of Run II and the new energy regime that will b
probed with the CERN LHC, simulations incorporatin
higher order corrections will be of increased importance.

NLO(aS) differential cross section predictions for d
boson production at hadron colliders are normally acco
plished with Monte Carlo integration programs. Divergenc
inherent in the Feynman graphs contributing atO(aS) are
handled with either the phase space slicing method@5# or the
subtraction method@6# with the effect that both positive
weighted events and negative weighted~or probability!
events are generated. The contribution from nega
weighted events cancels in an integration over a suita
large volume of hadronic final states, and a physical~positive
probability! prediction is obtained. Integration programs a
successful in producing distribution and cross section pre
tions for inclusive observables subject to any experime
cuts providing statistics are large enough to effect the c
cellations, and a sufficient volume of jets has been integra
within each histogram bin. However, owing to the negat
probability events, unweighted event generation—the g
eration of events with the distribution predicted by theory
with these NLO(aS) matrix elements has not been achiev
to date.

Unweighted event generation is often preferred over in
grated distributions because it can genuinely simulate exp
mental data and because it is difficult to perform detec
simulation on the large event statistics required for integra
distributions.

Unweighted event generation can be reduced to a prob
of rendering all event weights positive definite. If a samp
of positive definite weighted events can be obtained,
Monte Carlo hit-and-miss method is commonly used for u
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weighting. The maximum event weightdsmax for the pro-
cess is estimated, for instance, by sampling the cross se
a number of times. The ratio of event weight over the ma
mum event weightds/dsmax is compared to a random num
ber g generated uniformly in the interval~0,1!. Events for
which the ratio exceeds the random number (ds/dsmax.g)
are accepted, the others are rejected. This ensures th
cepted events are distributed according to the descrip
provided by the matrix element, and so all have unit weig

In this paper we describe an algorithm which extends
usefulness of the present NLO(aS) hadronic di-boson pro-
duction programs by providing a means for unweight
event generation thereby presenting the NLO(aS) predic-
tions in a format better suited for experimental simulatio
It deals specifically with the region of low transverse m
mentum of theWZ system, where higher order correction
are largest. As for the Drell-Yan process, resummation~first
proposed by@7#! is expected to give more reliable predi
tions in this region—however a resummed treatment of
WZ( j ) process does not exist and a comparison with fix
order predictions will always be of interest. Another a
proach for this problematic region is the matching of t
zero-order matrix elements using a parton shower model
simulations of the initial-state shower to the first order tr
level @i.e., O(aS)# matrix elements. This has been accom
plished for the single vector boson case@8,9#.

The algorithm makes use of the matrix elements from
Baur-Han-Ohnemus~BHO! @10# integration package which
employs the phase space slicing method as regulariza
scheme. This scheme makes use of approximations for
analytic integration of a volume of soft and collinear re
emissions. The approximations break down before the v
ume can be increased sufficiently to render all event weig
positive.

The algorithm presented here is an extension of the ph
space slicing method. A cylinder of jets defined by a tra
verse momentum cutoffPcutoff

T is used to partition event gen
eration into a subprocess where the real emission has s
cient transverse momentum to be potentially observa
~called 1 jet! and another subprocess~called 0 jet! where the
real emission~if present! has sufficiently small transvers
momentum such that it is taken as unobservable. There
no divergences in the 1 jet cross section so these event
have positive weights and unweighted event generation m
©2001 The American Physical Society11-1
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MATT DOBBS AND MICHEL LEFEBVRE PHYSICAL REVIEW D63 053011
be accomplished by applying Monte Carlo hit-and-miss. D
ficulties arise in the treatment of the 0 jet events, which is
topic of this paper.

The missing transverse momentum in 0 jet events m
arise from the invisible neutrino and from jets which esca
detection. By fixing the total missing transverse moment
rather than the individual contributions from the invisib
neutrino and unobserved jets, an integration volume of
emissions phase space can be generated and so the can
tions between the real emissions and one-loop graphs ca
accomplished by a Monte Carlo integration over this jet v
ume. The charged lepton and missing transverse momen
vectors~i.e., the observable quantities! are kept fixed in the
laboratory frame throughout the integration. Since the
volume may be large, the fixing of the observable quanti
is essential. An integration which instead keeps other qu
tities such as the subprocess energy and boost fixed~as
would be the case if the phase space slicing method w
applicable to such large jet volumes! would also necessarily
be an integration over observationally different charged l
ton vectors.

A final state neutrino is not the only means of generat
the missing transverse momentum over which a jet volu
can be integrated. Anything which contributes to the miss
transverse momentum may be used including the primor
kT distribution of the proton, multiple interactions, minimu
bias events, and even detector resolution. ForWZ production
with leptonic decays, the invisible neutrino is a convenie
choice. In generalizing this algorithm to other processes
ferent contributions to the missing transverse momen
could be used.

Section II of this paper briefly enumerates the presen
available integration packages for hadronicWZ production
and outlines the regularization schemes commonly used
the matrix elements before describing the algorithm in so
detail. In Sec. III cross sections and several differential cr
section distributions from integration packages are compa
to events generated with this algorithm. Our conclusions
presented in the final section.

II. ALGORITHM FOR UNWEIGHTED EVENT
GENERATION

We choose the specific processpp→W1Z( j ) with
electron/muon-type vector-boson decays as a case stud
apply the algorithm. LHC energy is chosen because the c
lenges in terms of negative probability events are more
vere at 14 TeV than for the Tevatron case.

A. Order aS cross section

HadronicWZ production at NLO(aS) has been calculate
in Refs.@10–13#. All calculations with the exception of Ref
@12# use the narrow width approximation, wherein the gau
bosons are taken on their mass shell. The correlations in
decays of the vector bosons to massless fermions are
included in Refs.@12,13#, while they are included in all bu
the one-loop graphs in Ref.@10#. For the numerical imple-
mentation of the NLO(aS) matrix elements Refs.@11–13#
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use the subtraction method, while Ref.@10# employs the
phase space slicing method. The calculations of Refs.@11–
13# were found to be in agreement in Ref.@13#. An updated
version of the Ref.@10# program incorporating an omitte
region of phase space has been compared with Ref.@13# and
found to be in good agreement@1, Sec. 5.5#.

The NLO(aS) cross section receives contributions fro
the square of the Born level graphs, the interference of
Born graphs with the one-loop graphs, and the square of
real emission graphs,

MNLO
2 5MBorn

2 1MBorn^ Mone loop1Mreal emission
2 . ~1!

Soft, collinear, and ultraviolet divergences appear when
of the O(aS) graphs are treated alone, and so a regular
tion scheme is necessary to ensure the inherent cancellat
The matrix elements used in this study employ the ph
space slicing method. A volume of real emissions ph
space@herein referred to as~n11!-body phase space# is par-
titioned by means of soft and collinear cutoffs1. and incorpo-
rated analytically with the soft gluon and leading pole a
proximations into the phase space of the diagrams lackin
real emission~herein referred to as n-body!.

In the region where the soft and collinear divergenc
overlap, the perturbative QCD calculation may be visualiz
in terms of an expansion in powers of

aS

2p F ln
ŝ

Pjet
T 2G 2

~2!

whereaS is the QCD coupling,Aŝ is the subprocess energ
and characterizes the scale of the interaction, andPjet

T is the
transverse momentum of the orderaS real emission. When

the jet transverse momentumPjet
T is small relative toAŝ, the

function given in Eq.~2! becomes large and multi-gluo
emission is important—this is the problem region for fix
order calculations. We wish to integrate out a large enou
Pjet

T volume such that the function given in Eq.~2! remains

smaller than unity. ForAŝ51 TeV this givesPjet
T of order 10

GeV, which in turn corresponds nicely to the detector ca
bilities at the LHC, wherein typically jets above 15~30! GeV
will be reconstructed at low~high! luminosity. Smaller jet
integration volumes would be necessary at lower mach
energies.

The situation is illustrated schematically in Fig. 1. A h
pothetical jet transverse momentum distribution is shown

1The phase space slicing method defines the soft jet region b

Ejet
CMS,ds

Aŝ

2
whereEjet

CMS is the jet energy in theWZ j subprocess center of mas

frame,ds is the soft cutoff, andAŝ is the subprocess energy. Th
collinear region is defined by

uEiEj6pW i•pW ju,dcŝ

whereEi andpW i are the energy and momentum of massless pa
i anddc is the collinear cutoff. For more details see Ref.@5#.
1-2
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UNWEIGHTED EVENT GENERATION IN HADRONICWZ . . . PHYSICAL REVIEW D 63 053011
the n-body and~n11!-body case. The~n11!-body contribu-
tion diverges as the jets become soft or collinear, while
n-body contribution is a negative divergence at the orig
The divergences cancel in an integration over a suitably la
volume of jet transverse momenta~hatched region!. The
phase space slicing method effects such an integration,
the jet volume is not sufficiently large to keep the cross s
tion in the inclusive ~hatched! region positive for most
events.

B. Generating unweighted events

We begin by dividing events into two classes: those c
taining a jet with sufficient transverse momentum (Pjet

T

.Pcutoff
T ) to be classified as potentially observable~referred

to here as 1 jet!; and those without a jet or containing a j
with transverse momentum below the cutoffPjet

T ,Pcutoff
T ~re-

ferred to as 0 jet!. This differs from the definition of n-body
and ~n11!-body events where the soft and collinear cuto
define the partition. In the 1 jet region, the matrix eleme
are orderaS, but the calculation is leading order. There a
no divergences nor are there negative weighted events
event generation can be accomplished with the usual Mo
Carlo techniques.

The algorithm concerns events in the 0 jet region only a
we focus exclusively on events of this type for the remain
of this paper.

The phase space slicing method is extended by integra
out the cylinder of jets defined by thePcutoff

T using a second
stage Monte Carlo integration. As thePcutoff

T is chosen to be
the order of 10 GeV, there is a danger that the integra

FIG. 1. A hypothetical transverse momentum distribution of
jet Pjet

T in the NLO(aS) integration is shown for illustrative pur
poses. The~n11!-body contribution diverges~solid curve! as Pjet

T

→0. The n-body contribution is a negative divergence at the ori
The divergences cancel in the integral over a suitably large volu
of hadronic final states~hatched region!.
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may affect the kinematics of the event to the point which
observable by the detector. With this in mind, the observa
vectors~charged leptons for the case ofWZ production with
leptonic decays! are kept fixed throughout the integratio
and the center of mass frame vectors are allowed to fluctu

We start by sampling the observable quantities of
event i.e., fixing the vectors

Pl
W
6,Pl

Z
1,Pl

Z
2,PW miss

T ~3!

wherePl
W
6 is the momentum of the charged lepton from t

W6 decay,Pl
Z
1,Pl

Z
2 are the momenta of the charged lepto

from the Z decay, andPW miss
T is the missing transverse mo

mentum. With theZ boson taken on shell and requiring n
net momentum transverse to the beam, this amounts
degrees of freedom.

For the case of the n body matrix element these vec
also fix the neutrino four-vector withPW n

T5PW miss
T and the

W-mass constraint gives zero or two solutions for the n
trino longitudinal momentum. Within the BHO matrix ele
ments a further 4 degrees of freedom specify the NLO(aS)
corrections. Thus the average n body weight^dsn-body& for
the observable event is arrived at by integrating over th
degrees of freedom and averaging over the two neutrino
lutions. This weight is usually negative. When no neutri
solutions exist the weight is zero. We refer to a point in t
full n body phase space~defined by the vectors of Eq.~3!,
the 4 extra degrees of freedom, and the neutrino solu
choice! as a ‘‘subevent,’’ such that an ‘‘event’’ as defined b
this algorithm is an integration over many subevents.2

We now incorporate the cylinder of jets defined by t
Pcutoff

T by performing a similar integration over~n11!-body
subevents. For each subevent a jet with transverse mom
tum up to the cutoff is sampled~3 degrees of freedom!. The
jet transverse momentum fixes the invisible neutrino tra
verse momentum for the event with the constraint that
observed missing transverse momentum is kept fixed,

PW n
T5PW miss

T 2PW jet
T . ~4!

The longitudinal neutrino momentum is specified up to
two-fold ambiguity by theW-mass constraint. The charge
lepton vectors are also kept fixed in the laboratory fram
such that all the quantities in Eq.~3! are unchanged through
out the integration. The average subevent weight
^ds (n11)-body&, which is a positive number.

The phase space for a Monte Carlo integration is norm
sampled in terms of variables such as the invariant mas
rapidities, and decay angles which give a triangular trans
mation matrix such that the Jacobian is the product of
diagonal entries~as is the case for the di-boson integrati
packages!. The fixed charged lepton vectors in the laborato
frame constraint introduces inherent correlations, and
transformation matrix becomes more complicated: for

2A subevent from this algorithm corresponds precisely to an ev
from a Monte Carlo integration package.

.
e
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MATT DOBBS AND MICHEL LEFEBVRE PHYSICAL REVIEW D63 053011
WZ 1 jet case it is a 11311 matrix with no zero elements
Fortunately it is simple to calculate this matrix and its Ja
bian numerically on an event by event basis, which is
strategy we have used. This Jacobian is included in the
event weightsdsn-body andds (n11)-body.

The total event weight for the configuration defined
Eq. ~3! is the sum of the n-body and~n11!-body contribu-
tions, with a factor which accounts for the observable vect
phase space sampling

ds0 jet5Wphase space3~^dsn-body&1^ds~n11!-body&!. ~5!

It is unimportant that the number of subevents for t
second stage integration be sufficiently large to give an
curate result for each observable event. A poor accuracy
ply means two identically configured events may have d
fering event weights, however by grace of the Monte Ca
method, the average converges to give the correct cross
tion. The subevent statistics are required to be sufficie
large to ensure the event weights of Eq.~5! very rarely fall
negative on account of statistical fluctuations. We refer
events where this occurs as ‘‘remnant negative wei
events.’’ Events of this type are discarded, and thus cont
ute to a~biased! systematic Monte Carlo error. The numb
of subevents is a means of directly controlling this error. I
easy to evaluate this error.

Finally, we note the application of this algorithm to th
re-weighting of leading order events@i.e., re-scaling of tree
level event weights to account for NLO(aS) corrections#
needs to be approached with caution, as the phase s
volume of observable vectors in Eq.~3! is larger for the
~n11!-body case than for the n body case since only limi
configurations of these vectors provide n-body neutrino l
gitudinal momentum solutions which satisfy theW-mass
constraint. This difference needs to be accounted for i
re-weighting scheme.

III. RESULTS AND COMPARISON WITH INTEGRATION
PACKAGES

The results presented in this section use identical par
eters as the comparison of integration packages in Ref@1,
Sec. 5.5# with the exception of the jet definition for the je
veto. In that study the jet transverse momentum cutoffPcutoff

T

was motivated by what the detectors are capable of mea
ing. Here we motivate thePcutoff

T by what the detector is
incapable of reconstructing: aPcutoff

T of 15 GeV is defined to
partition the 1 jet and 0 jet regions~there is no jet rapidity
requirement!. TheCTEQ4M @14# structure functions are used
Input parameters are taken asaEM(MZ)5 1

128, sin2uW
50.23, as(MZ)50.1116, MW580.396 GeV,MZ591.187
GeV, factorization scaleQ25MW

2 , and Cabibbo angle
cosuCabibbo50.975 with no 3rd generation mixing. Branch
ing ratios are taken as Br(Z→ l 1l 2)53.36%, Br(W6

→ l 6n)510.8%. Theb quark contribution to parton distri
butions has been taken as zero. Kinematic cuts motivate
anomalous triple gauge boson coupling analyses are ch
~see for example@1, Sec. 5#!. The transverse momentum o
all charged leptons must exceed 25 GeV and the rapidit
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all charged leptons must be less than 3 in magnitude. M
ing transverse momentum must be greater than 25 GeV.
BHO package is employed for the evaluation of matrix e
ments.

We first evaluate the algorithm’s ability to integrate o
the negative probability events. The second stage integra
is accomplished with relatively low statistics to keep t
computer processing time reasonable, only 100 subeven
each type@n-body and~n11!-body# are used.

For the default choices of the soft and collinear cutoffs
the BHO matrix elements (ds50.01, dc50.001) the cancel-
lations between the n-body and~n11!-body partitions are
very large, and the second stage integration would need
reasonably large statistics for good behavior.3 In order to
achieve a portion of the jet volume integration analytica
we increase the cutoffs (ds50.05, dc50.002) keeping them
well within the range of applicability of the soft gluon an
leading pole approximations. We emphasize that exp
ments must take the integration volume into account by
suring that their analysis is not sensitive to jets within t
volume~as defined by the jet momentum cutoff of this alg
rithm and the soft and collinear cutoffs of the phase spa
slicing method!. This consideration is true in general for th
phase space slicing method.

With these choices of the phase space slicing cuto
‘‘remnant negative weight events’’ account for approx
mately 0.1% of the total sample of weighted events a
20.02% of the cross section. Most of these events are
result of the low second stage integration statistics such
re-evaluating these events with a larger number of subev
renders the event weight positive.

There is another class of remnant negative events wh
are not due to statistics. For these events the charged le
in theW-decay is emitted along the line of flight of theW in
its rest frame. This configuration is disfavored by the sp
correlations, wherein theW1-decay (W2-decay! with a left-
handed~right-handed! particle emitted along theW line of
flight is preferred. The BHO matrix elements use a spin
eraged treatment for the one-loop graphs and so these c
lations are not at all included for the virtual correctio
~though spin correlations are included everywhere else!. This
means events in this configuration receive an unphysic
large negative contribution from the one-loop graphs wh
receiving the correct~spin correlation suppressed! contribu-
tion from the other graphs. Thus this class of negative ev
weights arise as a result of the lepton correlation approxim
tions used in the BHO matrix elements. The algorithm
sensitive to these approximations and would benefit fr
improved theoretical calculations~as are included in
@12,13#!. The negative weights associated to events of t
type are extremely small.

Finally there are a few events with negative weights

3The same problematic behavior is observed when matrix
ments employing the subtraction method are used. We found
immediate solution to this problem for the subtraction method, a
so we have been unable to use this algorithm with subtrac
method matrix elements thus far.
1-4
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UNWEIGHTED EVENT GENERATION IN HADRONICWZ . . . PHYSICAL REVIEW D 63 053011
extraordinary subprocess energy (Aŝ.5 TeV! where the to-
tal cross section is orders of magnitude below one event
LHC year. These events may arise from a combination of
lepton correlation effect and an insufficiently large jet vo
ume for events at this energy scale, as suggested by the
tion given in Eq.~2!.

A. Comparison with the BHO integration package

In Table I we enumerate the leading order and NLO(aS)
predictions for 0 jetWZ production from the BHO integra
tion package together with the result from this algorith
which employs the BHO matrix elements. The NLO(aS)
prediction differs considerably from the leading order o
and this algorithm is able to reproduce the NLO(aS) BHO
predictions well. The accuracy of the prediction from th
algorithm suffers slightly with respect to that from the BH
integration package alone in that the correlations betw
integration variables make it more difficult for the adapti
integration to optimize the phase space sampling.

It takes considerably more computer time to evaluate
NLO(aS) matrix elements than for the leading-order ca
This algorithm requires a further factor 200 over the NL
(aS) integration package in evaluating one weighted ev
because of the 23100 subevents in the second stage integ
tion.

Monte Carlo hit-and-miss is used to extract a sample
unweighted events from the~positive definite! events gener-
ated using this algorithm. No attempt has been made to
timize for efficiency, and the time required for the generat
of one unweighted event is quite large4 with an efficiency of
about 0.1%. Nevertheless it is possible to generate an e
sample of a few low luminosity LHC years~i.e., several
thousand events! in several hours using computer farms
the size currently in use at most universities or experime

Weighted 0 jet event distributions are compared in Figs
and 3 for the BHO integration package and this algorith
Figure 2~top! shows the transverse momentum distributi
of the Z, which is the distribution normally used to prob
anomalousWWZcouplings at hadron colliders@16#. The ra-
pidity separation between theZ-boson and the charged lep

4200 seconds are required for one unweighted event using a
MHz personal computer running Linux 2.2.PYTHIA @15# requires
only about 0.02 seconds for the generation of one leading orderWZ
event with an efficiency of 1–2 %.

TABLE I. The integrated cross section subject to the cuts
scribed in the text is compared for the leading order BHO calcu
tion, the NLO(aS) BHO calculation, and for this algorithm which
uses the BHO matrix elements.

0 jet LHC W1Z production cross section

Baur-Han-Ohnemus LO 70.560.1 fb
Baur-Han-Ohnemus NLO(aS) 51.060.1 fb
This 2 Stage Algorithm 50.560.3 fb
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ton from theW-decay ~Fig. 2, bottom! is sensitive to the
approximate radiation zero in hadronicWZ production@17#.
Finally the missing transverse momentum distribution
shown in Fig. 3. The jet integration volume arises from th
distribution, and so it is the place where discrepancies
tween this algorithm and the integration package might ar
The agreement between the BHO integration package
this algorithm in all of these distributions is good.

In order to evaluate the effect of remnant negative wei
events, the absolute value of the weights of negative ev
is plotted in Figs. 2 and 3~shaded regions!. The remnant
negative weight event distribution is several orders of m
nitude below the positive event distribution in all cases a
is largest in the region where the differential cross section
also largest, and so the effect of these events is neglig
everywhere. Histograms of this sort provide the means
evaluating the effect of these remnant negative events.
faster event generation the second stage integration stat
may be decreased, resulting in an increase in the size of
shaded region. It is impossible to completely eliminate
shaded region of remnant negative events by increasing
second stage integration statistics indefinitely, due to the
ton correlation effects discussed in the first part of this s
tion. If the negative weighted events from the BHO integ

00

-
-

FIG. 2. The transverse momentum distribution of theZ (PZ
T ,

top! and the rapidity separation between theZ and the lepton from
the W decay @Y( l W)2Y(Z), bottom# are compared for weighted
events from the BHO NLO(aS) generator~solid open histogram,
statistical errors are small! and for weighted events from the algo
rithm ~points with error bars!. Only positive weighted events ar
included in the algorithm distribution, and the errors are statist
only. The distribution of discarded negative weighted events fr
the algorithm are shown in the lower shaded histogram~using the
absolute value of the weights!. This distribution is several orders o
magnitude below the positive weight event distribution, and is o
observable on the logarithmic upper plot. The distributions are
the 0 jet case with kinematic cuts as described in the text.
1-5
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MATT DOBBS AND MICHEL LEFEBVRE PHYSICAL REVIEW D63 053011
tion package ~without this algorithm! were also
superimposed, they would be distributed uniformly abo
half an order of magnitude below the BHO prediction.

In Fig. 4 unweighted events from this algorithm are s
perimposed on the BHO integration package prediction
the same distributions as Fig. 2. The error bars assume P
son statistics and the agreement is good. This figure re
sents the first unweighted event generation at NLO(aS) for
the partonic processpp→WZ( j ).

IV. CONCLUSIONS

We have described an algorithm for unweighted ev
generation at NLO(aS) for the partonic processpp
→WZ( j ) with leptonic decays and evaluated its effectiv
ness at LHC energy. Event generation consists of a two s
Monte Carlo integration, and so requires considerable c
puter time. The possibility of optimizing the generation a
the code itself has not been addressed, and certainly the
formance may be considerably improved. The partition
events into 0 jet and 1 jet regions is motivated by experim
tal capabilities and defined by a jet transverse momen
cutoff. This partition, as well as the n-body and~n11!-body
partition inherent in the phase space slicing method, mus
taken into account in experimental analyses.

Generation of high transverse momentum real emiss

FIG. 3. The missing transverse momentum distributionPmiss
T is

compared for weighted events from the BHO NLO(aS) generator
~solid open histogram, statistical errors are small! and for weighted
events from the algorithm~points with error bars!. Only positive
weighted events are included in the algorithm distribution,
and the errors are statistical only. The distribution of discard
negative weighted events from the algorithm are shown in the lo
shaded histogram~using the absolute value of the weights!. This
distribution is several orders of magnitude below the posit
weight event distribution. The distribution is for the 0 jet case w
kinematic cuts as described in the text.
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is not addressed by this algorithm, but this region of event
free of divergences and so unweighted event generatio
easily achieved with the usual Monte Carlo methods.

A small number of remnant negative weighted events
discarded by the algorithm. The effect of these events
negligible and contributes to a biased systematic Mo
Carlo error which may be monitored and evaluated.

The agreement between events generated with this a
rithm and the BHO NLO(aS) integration package is good.

The algorithm is generalizable to a broader class of p
cesses. HadronicWg( j ) production can be treated in a
identical way, while theW1W2( j ) process with leptonic
decays can be handled by treating the neutrino~anti-
neutrino! as invisible and the anti-neutrino~neutrino! as an
observable lepton for the purposes of this algorithm. Ot
means of generating the jet integration volume besides
invisible neutrino may be used for other processes.
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FIG. 4. The transverse momentum distribution of theZ (PZ
T ,

top! and the rapidity separation between theZ and the lepton from
the W decay @Y( l W)2Y(Z), bottom# are compared for weighted
events from the BHO NLO(aS) generator~solid open histogram,
statistical errors are small! and for unweighted events from the a
gorithm ~points with error bars!. The distributions are for an inte
grated luminosity corresponding to three years of low luminos
running at the LHC~30 fb21). The error bars assume Poisson s
tistics. The distributions are for the 0 jet case with kinematic cuts
described in the text.
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